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DETAILED ACTION 

Status of Application 

1. The claims 1-3, 6, 8, 11, 13-14, 16, 18, 21, and 23-30 are pending and presented 
for the examination. 

Priority 

2. Acl<nowledgment is made of applicant's claim for foreign priority under 35 
U.S.C. 1 19(a)-(d). The certified copy has been filed in parent Application No. 
PCT/US03/27995. 

Information Disclosure Statement (IDS) 

3. The information disclosure statement (IDS) was submitted on 03/07/2005. The 
submission is in compliance with the provisions of 37 CFR 1 .97. Accordingly, the 
information disclosure statement is being considered by the examiner. Please refer to 
applicant's copy of the 1449 herewith. 

Claim Objections 

4. Claim 6 is objected to because of the following Informalities: The claim refers to 
"The" hydrogen fuel cell, but this implies a reference to an earlier specific fuel cell that 
has not been discussed. "A" fuel cell is the correct language for the claim. Appropriate 
correction is required. 
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Claim Rejections - 35 USC § 103 

5. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the phor art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary sl^ill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

6. The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1 , 148 
USPQ 459 (1966), that are applied for establishing a background for determining 
obviousness under 35 U.S.C. 103(a) are summarized as follows: 

1 . Determining the scope and contents of the prior art. 

2. Ascertaining the differences between the prior art and the claims at issue. 

3. Resolving the level of ordinary skill in the pertinent art. 

4. Considering objective evidence present in the application indicating 
obviousness or nonobviousness. 

7. Claims 1-2, 8, 11, 18, 21, and 24 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Minet et al (US 5229102) in view of Mikus et al (WO 99/18392). 

Regarding claim 1, Minet et al teaches a steam reforming apparatus (10) 
comprising two concentric sections including a larger outside section functioning to heat 
a smaller inside section defined by membrane tube (11). The apparatus further 
comprises an annulus containing reforming catalyst bed between said sections (16 and 
17). Annulus section (16) has an inlet for steam and vaporizable hydrocarbon (15), a 
flow path for hydrogen and by-product gases, and an outlet for said by-product gases 
(D). The outside heating section has a hydrogen-selective, hydrogen-permeable 
membrane (1 1) and an outlet for hydrogen (12a) which permeates through said 
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membrane from said annulus section. Minet teaclies tliat tliere may be multiple 
membrane tubes in the reforming apparatus (see Figures 1 and 2). 

Claim 1 differs from Minet et al because Minet does not teach that the outside 
heating section heats the reforming chamber by means of flameless combustion, but 
rather by flamed combustion generated in the outside heating chamber. However, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
filed to modify Minet in view of Mikus et al in order to use a flameless combustion 
chamber to heat the reforming chamber because Mikus teaches that flameless 
combustion provides a controllable heat flux into a process chamber from a heat source 
that has a uniform temperature and a very low creation of NOx (see page 5, lines 1-7). 

Mikus et al (see Figure 1,3: page 8, line 3- page 10, line 15; page 10, line 25 to 
page 1 1 , line 3) teaches a heat chamber comprising an inlet for preheated air or other 
oxidant (2) and a plurality of tubes for fuel gas (5), said tubes having opening through 
which the fuel gas flows (6) and is mixed with said oxidant, result in "flameless 
distributed combustion" (see page 8, lines 10-17), whereby uniform tailed, controlled 
heat is transferred to an adjacent process chamber (8) (a reforming chamber). The 
process chamber can comprise a catalyst steam reformer for the production of 
hydrogen (see page 13, lines 17-25 and page 16, lines 34 to page 17, line 30). One of 
ordinary skill would have been motivated to use the flameless combustion chamber 
taught by Mikus in place of the flamed combustion chamber taught by Minet because 
Mikus teaches that flameless combustion provides a controllable heat flux into a 
process chamber from a heat source that has a uniform temperature and a very low 
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creation of NOx (see page 5, lines 1-7). One would have expected reasonable success 
in the modification because Minet teaches that a heating chamber is used to heat the 
reforming chamber, and Mikus teaches that the inventive heating chamber is used to 
heat a reforming chamber used for the same purpose as that of Minet. Therefore, claim 
1 is obvious and not patentably distinct over the prior art of record. 

Regarding claim 2, Minet teaches a process for producing hydrogen through the 
use of an apparatus that is equivalent to that of instant claim 2 when modified in view of 
Mikus as discussed above. Minet teaches that the temperature in the 
steam/hydrocarbon reforming temperature is from 300-750°C and that the pressure is 
from 1 to 138 bar (see claim 1). Thus, the teachings of Minet in view of Mikus meet all 
the process limitations of claim 2, and the claim is obvious and patentably indistinct over 
the prior art of record. 

Regarding claim 8, Mikus teaches that multiple flameless combustion chambers 
can be employed in the reforming chamber (see Figure 4). These multiple chambers 
surround the multiple membrane tubes, and thus it would have been obvious to use 
multiple chambers when using the multiple tube configuration suggested by Minet. 

Regarding claim 11, Minet teaches that a sweep gas is used to move the 
hydrogen through the apparatus and that the sweep gas is steam (see Figure 6 and 
column 8, lines 55-61). Minet teaches that the fuel can be methane or natural gas (see 
Figure 1). 

Regarding claim 18, as can be seen from Figure 1, Mikus teaches that the FDC 
has a length to diameter ratio of greater than 4 to 1 . 
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Regarding claim 21, because the process and apparatus taught by Minet in view 
of Mikus is equivalent to that of instant claims, one of ordinary skill would have been 
able, through routine optimization and experimentation, to adjust the purity of the carbon 
dioxide produced by the hydrogen production process. Thus, the addition limitation of 
claim 21 is obvious and does not render the claim patentably distinct over the applied 
prior art. 

Regarding claim 24, Mikus teaches that multiple flameless combustion 
chambers can be employed in the reforming chamber (see Figure 4). These multiple 
chambers surround the multiple membrane tubes, and thus it would have been obvious 
to use multiple chambers when using the multiple tube configuration suggested by 
Minet. 

8. Claims 3, 6, 25-26, and 30 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Minet et al (US 5229102) in view of Mikus et al (WO 99/18392) and 
in further view of Gardner (US 5527632). 

Regarding claim 3, the claim differs from Minet in view of Mikus as applied 
above because the references do not teach that at least one membrane is connected to 
a hydride precursor region for storage. However, it would have been obvious to one of 
ordinary skill to modify Minet et al in view of Mikus and in further view of Gardner in 
order to place at least one membrane in contact with a hydride precursor region 
because Gardner teaches a hydrogen production apparatus wherein at least some of 
the hydrogen produced is diverted to a storage stage where the hydrogen is stored by 
forming a hydride material. 
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Gardner teaches an apparatus comprising a fuel cell stack, a reformer, and a 
hydrogen store (see Abstract). The hydrogen store section is arranged to store 
hydrogen from the reformate during periods that the reformer operates. The hydrogen 
store section comprises a metal hydride capable of storing hydrogen by forming more 
metal hydride material (see column 2, lines 13-15). Therefore, the hydrogen store 
constitutes a metal hydride precursor. Gardner teaches that the reformer can be a 
steam reformer or other types of reformers that convert hydrocarbons to hydrogen 
product gas (see column 3, lines 53-62). One of ordinary skill in the art would have been 
motivated to connect at least one of the membrane tubes in the Minet apparatus to a 
hydride storage stage as taught by Gardner because Gardner teaches that doing so 
allows the apparatus to supply stored hydrogen to the fuel cell in order to buffer the fast 
response of the fuel cell stack and the relatively slower response of the reformer during 
rapid load demands on the fuel cell stack (see column 2, lines 1-12). This would be 
obvious when using the Minet et al apparatus to supply hydrogen to a fuel cell. One 
would have expected reasonable success in the modification because Minet teaches a 
hydrogen reforming apparatus for producing hydrogen from steam and Gardner teaches 
that the hydrogen reforming portion of the inventive apparatus can be a similar type of 
reformer. Therefore, claim 3 is obvious and not patentably distinct over the prior art of 
record. 

Regarding claim 6, the claim differs from Minet and Mikus because neither 
patent explicitly teaches that the hydrogen produced is for a fuel cell. However, as 
discussed about, Gardner teaches an apparatus wherein a reforming portion similar to 
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that taught by Minet is used to produce hydrogen for a fuel cell. This teaching would 
motivate one of ordinary skill in the art to use the Minet in view of Mikus hydrogen 
production reactor to produce hydrogen for a fuel cell, thus meeting the further 
limitations of claim 6. 

Regarding claim 25, Mikus teaches that multiple flameless combustion 
chambers can be employed in the reforming chamber (see Figure 4). These multiple 
chambers surround the multiple membrane tubes, and thus it would have been obvious 
to use multiple chambers when using the multiple tube configuration suggested by 
Minet. 

Regarding claim 26, Minet teaches that a sweep gas is used to move the 
hydrogen through the apparatus and that the sweep gas is steam (see Figure 6 and 
column 8, lines 55-61). Minet teaches that the fuel can be methane or natural gas (see 
Figure 1). 

Regarding claim 30, as can be seen from Figure 1, Mikus teaches that the FDC 
has a length to diameter ratio of greater than 4 to 1 . 

9. Claims 13 is rejected under 35 U.S.C. 103(a) as being unpatentable over Minet 
et al (US 5229102) in view of Mikus et al (WO 99/18392) and in further view of Schieber 
(US 3960496). 

Regarding claim 13, the claim differs form Minet In view of Mikus as applied 
above because the patents do not teach the use of baffles in the catalyst bed section. 
However, it would have been obvious to one of ordinary skill in the art to modify Minet 
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and Mikus in further view of Schieber because Schieber teaches that baffles are useful 
for increasing contact between to flowing reactants. 

Schieber teaches an apparatus for determining corrosion rate of constituents in a 
flue gas (see Abstract). One stage of the apparatus involves passing the gas through a 
contact bed (see column 3, lines 49-53 and Figure 3). Schieber teaches that a 
disk/washer baffle can be used in the bed to increase gas/liquid contact (see column 3, 
lines 63-66). One of ordinary skill in the art would have been motivated to use these 
types of baffles with the Minet bed because increasing contact between the bed media 
and the gas to be processed would be advantageous in the Minet process. Although the 
processes of Minet and Schieber are for different reaction purposes, they both comprise 
a step of contacting a gas to be processed with a reactant, and thus they are analogous 
in the need to increase contact with the gas through the use of baffles. Therefore, one 
of ordinary skill would have expected reasonable success in the modification. Thus, 
claim 13 is obvious and not patentably distinct over the prior art of record. 

10. Claims 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over Minet 
et al (US 52291 02) in view of Mikus et al (WO 99/1 8392) and in further view of Juda et 
al (US 5904754). 

Regarding claim 14, the claim differs from Minet in view of Mikus because the 

patents do not teach that the membrane comprises a Pd-alloy layer. However, it would 
have been obvious for one of ordinary skill in the art to substitute an alloy according to 
the instant claims for the hydrogen-permeable membrane in the modified apparatus of 
Minet et al, on the basis of suitability for the intended use thereof, because the 
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substitution of known equivalent structures for providing the same function of hydrogen 
permeation would involve only ordinary skill in the art. Juda et al teaches a hydrogen- 
permeable membrane comprising an alloy of Pd and copper on a metal frame for use as 
a wall connecting high and low pressure chambers of a hydrogen generator (see 
columns 3-4, lines 1-49). The metal frame is considered to be a porous metal. Because 
using this membrane would constitute the use of an equivalent membrane in order to 
achieve equivalent results, claim 14 is obvious and not patentably distinct over the prior 
art of record. 

1 1 . Claims 16 is rejected under 35 U.S.C. 103(a) as being unpatentable over Minet 
et al (US 52291 02) in view of Mikus et al (WO 99/1 8392) and in further view of Ruhl et 
al (US 5565009). 

Regarding claim 16, Minet teaches that exemplary dimensions for a membrane 
tube are up to 30 feet in length and 1 .5 inches in diameter (see column 4, lines 58-68). 
This gives a length to diameter ratio of 240. The claim differs from Minet in view of 
Mikus because the patents do not specifically teach the spacing between the multiple 
membrane tubes and the FDC tubes. However, it would have been obvious to one of 
ordinary skill in the art to modify Minet and Mikus in further view of Ruhl et al because 
Ruhl teaches spacings for a multi-tube hydrogen generating apparatus similar to the 
types taught by Minet and Mikus. 

Ruhl teaches a reaction furnace comprising a plurality of elongated tubes 
defining therein an endothermic reaction flow path and a combustion flow path (see 
Abstract and Figure 3). The reaction furnace can be used for hydrogen production. Ruhl 
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teaches that the preferred spacing for the tubes is 0.3-0.5 inches (see column 6, lines 
38-39). It is clear from Figure 3 that the spacing between the tubes and the insulation 
material (14) is similar to the spacing between tubes. This would indicate to one of 
ordinary skill that this spacing could fall within a range overlapping 0.25-2 inches. One 
of ordinary skill would have been motivated to use these spacings in the apparatus 
taught by Minet in view of Mikus because these patents do not teach specific spacings, 
leaving one to look to outside teachings for guidance. One would have expected 
reasonable success in the modification because both Minet and Ruhl teach apparatuses 
for producing hydrogen and comprising reaction tubes. Therefore, claim 16 is obvious 
and not patentably distinct over the prior art of record. 

12. Claims 23 is rejected under 35 U.S.C. 103(a) as being unpatentable over Minet 
et al (US 5229102) in view of Mikus et al (WO 99/18392) and in further view of Spencer 
(US 6106595). 

Regarding claim 23, the claim differs from Minet and Mikus because the patents 
do not teach that the produced carbon dioxide is used in an enhanced recovery 
operation. However, it would have been obvious to one of ordinary skill in the art to 
modify Minet in view of Mikus in further view of Spencer because Spencer teaches a 
method involving the use of produced carbon dioxide in such useful processes. 

Spencer teaches methods for the removal of carbon dioxide from a 
multicomponent gas stream, said stream comprising hydrogen (see Abstract and 
column 1 , lines 29-40). Spencer teaches that the carbon dioxide produced in the 
process can advantageously be used for such processes as enhanced oil recovery or 
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coal bed methane recovery (see column 8, lines 28-32). One of ordinary skill in the art 
would have been motivated to use the carbon dioxide produced by Minet process for 
one of these purposes because Spencer teaches that carbon dioxide separated from a 
gas stream can advantageously be used for productive purposes, rather than simply 
sequestered. One would have expected reasonable success in the modification 
because using the produced carbon dioxide for an additional task would not be 
expected to affect the hydrogen production process. Therefore, claim 23 is obvious and 
not patentably distinct over the prior art of record. 

13. Claim 27 is rejected under 35 U.S.C. 103(a) as being unpatentable over Minet et 
al (US 5229102) in view of Mikus et al (WO 99/18392) and Gardner (US 5527632) and 
in further view of Schieber (US 3960496). 

Regarding claim 27, the claim is rejected in view of Minet in view of Mikus and 
Gardner as discussed above, and in further view of Scheiber as is also applied above to 
include the use of a disk/washer baffle. 

14. Claim 28 is rejected under 35 U.S.C. 103(a) as being unpatentable over Minet et 
al (US 5229102) in view of Mikus et al (WO 99/18392) and Gardner (US 5527632) and 
in further view of Juda et al (US 5904754). 

Regarding claim 28, the claim is rejected in view of Minet in view of Mikus and 
Gardner as discussed above, and in further view of Juda et al as is also applied above 
to substitute a Pd-alloy on porous metal membrane. 
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15. Claims 29 is rejected under 35 U.S.C. 103(a) as being unpatentable over Minet 
et al (US 5229102) in view of Mikus et al (WO 99/18392) and Gardner (US 5527632) 
and in further view of Ruhl et al (US 5565009). 

Regarding claim 29, the claim is rejected in view of Minet in view of Mikus and 
Gardner as discussed above, and in further view of Ruhl et al as is also applied above 
to add appropriate dimensions to the apparatus. 

Conclusion 

16. No claim is allowed. 

17. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. 

18. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Noah S. Wiese whose telephone number is 571-270- 
3596. The examiner can normally be reached on Monday-Friday, 7:30am-5:00pm EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jerry Lorengo can be reached on 571-272-1233. The fax phone number for 
the organization where this application or proceeding is assigned Is 571-273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
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Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/Jerry A Lorengo/ 

Supervisory Patent Examiner, Art Unit 1793 

Noah Wiese 
August 12'^ 2008 
AU 1793 



